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Abstract  
Missense/nonsense mutations and micro-deletions/micro-insertions of <21bp together 
represent ~76% of all mutations causing human inherited disease. Previous studies have shown 
that their occurrence is influenced by sequences capable of non-B DNA formation (direct, 
inverted and mirror repeats; G-quartets). We found that a greater than expected proportion 
(~21%) of both micro-deletions and micro-insertions occur within direct repeats and are 
explicable by slipped misalignment. A novel mutational mechanism, non-B DNA triplex 
formation followed by DNA repair, is proposed to explain ~5% of micro-deletions and micro-
insertions at mirror repeats. Further, G-quadruplex-forming sequences, direct and inverted 
repeats appear to play a prominent role in mediating missense mutations, whereas only direct 
and inverted repeats mediate nonsense mutations. We suggest a mutational mechanism 
involving slipped strand mispairing, slipped structure formation and DNA repair, to explain 
~15% of missense and ~12% of nonsense mutations leading to the formation of perfect direct 
repeats from imperfect repeats, or to the extension of existing direct repeats. Similar 
proportions of missense and nonsense mutations were explicable by the mechanism of hairpin 
loop formation and DNA repair leading to the formation of perfect inverted repeats from 
imperfect repeats. The proposed mechanisms provide new insights into mutagenesis 
underlying pathogenic micro-lesions.  
Keywords: non-B DNA, missense mutations, nonsense mutations, micro-deletions, micro-
insertions, mechanisms of mutagenesis  
Introduction  
Micro-lesions comprising missense and nonsense mutations, and micro-deletions and micro-
insertions of <21bp represent ~76% of all lesions known to cause human inherited disease 
(Stenson et al., 2014). Previous studies have shown that the occurrence of germline mutations 
is influenced by the local DNA sequence environment, including the presence of non-B DNA-
forming repeats (reviewed in Cooper et al., 2011). It is known that direct repeats, inverted 
repeats, and mirror repeats comprising runs of purine:pyrimidine bases are capable of folding 
into non-canonical (non-B) DNA conformations, i.e. slipped, hairpin or cruciform, and triplex 
structures, respectively (Sinden, 1994), whereas four runs of two or more guanines with an 
interspaced loop of length 1 to 7bp are capable of G-quadruplex (also known as G4 or G4 
DNA) structure formation (Rouleau et al., 2015) (Figure 1). 
A combination of in silico and in vivo studies have revealed that, independent of genomic 
location, non-B DNA-forming sequences display more genetic variation than their flanking 
counterparts (Bacolla et al., 2011; Du et al., 2014), implying that such sequences are more 
mutable than the genome-wide average. Analyses of mutations causing human genetic disease 
have provided evidence for the occurrence of mutations within non-B DNA-forming sequences 
(Wells, 2007; Chuzhanova et al., 2009; Bacolla et al., 2011). However, the extent to which 
they are involved in mediating mutations on a genome-wide scale has not yet been ascertained. 
Indeed, the association of non-B DNA-forming sequences with genomic instability has been 
best established in the areas of triplet repeat expansion diseases (Zhao and Usdin, 2015; Iyer et 
al., 2015), and in several gross chromosomal abnormalities, both in the germline (Cooper et 
al., 2011; Verdin et al., 2013; You et al., 2013; Wu et al., 2014; Javadekar and Raghavan, 
2015) and in cancer (De and Michor, 2011; Nambiar et al., 2013; Jeitany et al., 2015; Lu et al., 
2015; Williams et al., 2015). Filling this knowledge gap is of particular interest in the field of 
medical genetics, given the widespread occurrence of non-B DNA-forming repeats in the 
human and other mammalian genomes (Du et al., 2014). 
Previous studies based on smaller datasets of micro-deletions and micro-insertions than 
used herein have attempted to relate their occurrence to the presence of non-B DNA-forming 
repeats in their immediate vicinity (Cooper and Krawczak, 1993; Ball et al., 2005). Cooper and 
Krawczak (1993) found that the majority of micro-insertions were flanked by repeat sequences, 
and that all the micro-deletions analysed occurred within (or were flanked by) direct repeats. 
Likewise, Ball et al. (2005) found that 84% of micro-insertions and 81% of micro-deletions 
occurred in the vicinity of direct, inverted and mirror repeats. A few studies have also reported 
the occurrence of single base-pair substitutions within non-B DNA-forming sequences 
(Spurlock et al., 2009; Tappino et al., 2009). In particular, Spurlock et al. (2009) suggested 
that a G>T:E73X [GAA>TAA, c.217] nonsense mutation within an imperfect direct repeat in 
the SPRED1 gene could have been mediated by a slipped structure. A similar mechanism was 
suggested by Tappino et al. (2009) to explain the occurrence of nonsense mutations within 
imperfect direct repeats in the GNPTAB gene, causing mucolipidosis II alpha or beta. However, 
no meta-analyses have been undertaken to assess the extent to which non-B DNA-forming 
sequences are involved in mediating single base-pair substitutions underlying human inherited 
disease, or to explore their underlying mutational mechanisms. Moreover, although the 
formation of intramolecular G-quadruplex structures in vivo has been reported for some time 
(Sen and Gilbert, 1988), their involvement in mediating micro-lesions causing human inherited 
disease genome-wide has not been assessed. 
Here, we ascertain the relationship between a large dataset of mutations causing human 
inherited disease and various types of non-B DNA-forming repeat. We also propose some 
potential mutational mechanisms that could be responsible for generating non-B DNA-
mediated missense and nonsense mutations, micro-deletions and micro-insertions. 
 
Materials and Methods 
Mutation Data 
In December 2010 (when this study commenced) the HGMD Professional Release 
comprised 83,751 pathological micro-lesions in the coding regions of 2,447 human genes. 
These included 47,119 missense mutations, 12,362 nonsense mutations, 17,208 micro-
deletions and 7,062 micro-insertions in 2,171, 1,360, 1,536 and 1,156 genes, respectively. The 
curators of the HGMD provided a collection of cDNA sequences and ‘extended cDNA 
sequences’, comprising the coding exons, along with ±40bp of intronic sequence flanking the 
splice junctions, plus the 5´ and 3´ regions of ±40bp flanking the initiation and termination 
codons, respectively. 
Any missing extended cDNA sequences were obtained from human genome assembly 
GRCh37 (hg19) employing the Ensembl database versions 67 (May 2012) or 69 (October 
2012), available at http://www.ensembl.org/index.html. The cDNA sequences were used as a 
reference for single base-pair substitutions, whereas the extended cDNA sequences were used 
for the remaining lesions. Mutated nucleotides, flanking nucleotide sequences, and genomic 
positions were verified against the GRCh37 reference human genome assembly. Instances of 
micro-deletions with both 5´ and 3´ breakpoints (or micro-insertions with the breakpoint) 
occurring within a non-coding region, were excluded from the analyses.  
 
Control Datasets 
Control datasets matching the single base-pair substitution dataset were generated using a 
set of 2,171 genes. For each gene, missense mutations were generated randomly such that the 
number of sequence alterations matched the number of known (i.e. HGMD) missense 
mutations, and this comprised one simulation. Such simulations were then repeated 1,000 times 
and the results were averaged.  
Control datasets for micro-deletion and micro-insertion breakpoints were generated as 
follows. For a given gene, the first breakpoint was generated randomly within the extended 
cDNA sequence. The location of the second breakpoint was then selected so as to match the 
distribution of the number of deleted bases in the HGMD dataset of micro-deletions. Hence, 
for each gene, the number of artificially generated micro-deletions matched the number of 
observed micro-deletions. This procedure was repeated for all genes, such that the number of 
micro-deletion 5´ and 3´ breakpoints occurring in the exonic regions matched the number of 
observed breakpoints in the HGMD dataset. The process was also repeated 1,000 times to avoid 
any biases. Control datasets for micro-insertions were generated in a similar manner, although 
only one breakpoint was generated in this case. 
 
Non-B DNA-Forming Sequences 
Direct, inverted and R•Y-rich (80%) mirror repeats of length ≥5bp and ≤20bp apart, capable 
of forming non-B DNA conformations (slipped, hairpin or cruciform structures, intra-
molecular triplexes (Ball et al., 2005), and G-quartets (four runs of guanines with interspaced 
loops of length 1-7bp, i.e. 𝐺𝑛𝑁1−7𝐺𝑛𝑁1−7𝐺𝑛𝑁1−7𝐺𝑛, where n = 2, 3 or 4), capable of G-
quadruplex formation (Rouleau et al., 2015), were sought in both the reference and mutated 
cDNA, and extended cDNA sequences. Single-base substitutions or breakpoints occurring 
within the non-B DNA forming repeats were termed mutation/breakpoints “in-repeat”; 
otherwise, they were termed mutations/breakpoints “not in-repeat”. 
 
Bioinformatics Analyses 
A novel algorithm based on the principles of complexity analysis (Gusev et al., 1999) and 
having a linear running time, was designed and implemented in JAVA to identify the different 
types of repeat within both the cDNA and extended cDNA sequences. The significance of the 
findings was then assessed using Fisher’s Exact test. A Bonferroni correction was employed to 
allow for multiple testing. 
 
Results and Discussion 
Micro-Deletions and Micro-Insertions Within Non-B DNA-Forming Sequences 
Approximately 21% of all micro-deletion 5´ breakpoints (3,612/17,208), henceforth called 
first breakpoints, and micro-insertion breakpoints (1,495/7,062) were found to occur within 
direct repeats; this proportion is significantly higher than would be expected by chance alone 
(Fisher’s Exact test, p=1.54×10-8, and p=4.8×10-5, respectively; Table 1) and is consistent with 
the known propensity of direct repeats to undergo slipped strand misalignment during DNA 
replication, which then generates mutations (Levinson and Gutman, 1987; Cooper and 
Krawczak, 1993; Sinden, 1994; Rosche et al., 1995; Bzymek et al., 1999; Lovett, 2004; Ball 
et al., 2005). Owing to the close proximity of 3´ breakpoints to the first breakpoints in most 
micro-deletions (84% of breakpoints were <5bp apart), similar results were obtained for the 
dataset of the 3´ breakpoints (results not shown). 
Further, ~5% (870) of all analysed micro-deletion first breakpoints and 4.5% (318) of 
micro-insertion breakpoints occurred within R•Y-rich mirror repeats, resulting in significant 
over-representation as compared to the control dataset (Fisher’s Exact test, p=3.56×10-41 and 
p=6.04×10-11, respectively). Of all micro-deletions and micro-insertions that occurred within 
mirror repeats, 596 (69%) and 246 (77%) breakpoints, respectively, were found within the 
mirror repeats themselves. In the remaining cases, we noted the presence of either deleted or 
inserted fragments that partially overlapped with the mirror repeats and their spacers. The 
distribution of mutations with respect to the length of the overlaps is given in Supplementary 
Table 1. 
Additionally, for the lesions associated with mirror repeats, 9.4% (1593) of micro-deletions 
and 12% (888) of micro-insertions were found to occur within 10bp of the repeat boundaries; 
these proportions are significantly higher than would be expected by chance alone (Fisher’s 
Exact test, p=4.04×10-60 and p=9.02×10-108, respectively). We conclude that mirror repeats 
promote mutagenesis, both within the repeats and in their immediate vicinity. 
Our study found that 56% (3,988) and 54% (9,191) of micro-insertions and micro-deletions, 
respectively, occurred either within or in the immediate vicinity (±10bp) of either mirror 
repeats or direct repeats. These proportions are significantly higher than expected by chance 
alone (p<10-149), but are smaller than previously reported, viz. 63% for micro-deletions and 69% 
for micro-insertions, in the vicinity of mirror repeats (Ball et al., 2005). This difference is likely 
to be due solely to our employing a more stringent definition, which limited mirror repeats to 
those that are also R•Y-rich (≥80%). 
As mentioned above, although mirror repeats have been previously implicated in the 
generation of micro-deletions and micro-insertions, the underlying mechanism has remained 
unclear (Sinden and Wells, 1992). Cooper and Krawczak (1991, 1993) proposed a mechanism 
based on the formation of a secondary structure intermediate, i.e. a Moebius loop, although the 
ability of a Moebius loop to form in vivo has not been proven. Conversely, R•Y-rich mirror 
repeats of the type analysed here are known to fold into intramolecular triplex structures. 
Hence, to account for the high frequencies of micro-deletions and micro-insertions, both within 
and flanking the R•Y-rich mirror repeats, we propose a novel mutational mechanism based 
upon the formation of triplex DNA (H-DNA) coupled with DNA repair, as described below. 
 
A Model for Triplex-Induced Mutagenesis Promoting Micro-Deletion and Micro-Insertion 
Although several pathways may be operative in the context of triplex DNA-induced 
mutation (Belotserkovskii et al., 2007; Wang and Vasquez, 2014), we favor one that is 
dependent upon DNA replication (Figure 2). Triplex DNA has been shown to impede 
progression of an incoming replication complex, thereby leading to double-strand breaks, in a 
manner that depends on both the length of the structure and the amount of negative superhelical 
tension present in the DNA template (Patel et al., 2004). Previous work has shown that negative 
supercoiling is required for all B- to non-B DNA transitions, such that higher levels of negative 
supercoiling are expected to increase the frequency of B- to non-B transitions (Sinden, 1994; 
Majumdar and Patel, 2002; Kouzine et al., 2008; Brooks and Hurley, 2009). Despite this 
empirical support, the association between supercoiling, triplex formation, and replication 
arrest remains counterintuitive. This is because progression of a replication complex leads to 
positive supercoiling ahead of the replication complex (and negative supercoiling behind it), 
which is expected to disfavor triplex formation. Thus, it is possible that DNA polymerase arrest 
might be due to either a pre-existing strand break within or near a triplex structure (Aguilera 
and García-Muse, 2013; León-Ortiz et al., 2014), or to more complex interactions between the 
parental and daughter strands that may favor inter-strand (rather than intra-strand) triplexes at 
replication intermediates, such as those noted at precatenanes (Cebrián et al., 2015).  
We further speculate that resolution of triplex DNA structures at replication forks might 
include incision by components of the nucleotide excision repair pathway (Zhao et al., 2009; 
Kaushik Tiwari and Rogers, 2013), or other pathways, either at one or both ends of the mirror 
repeats, which represent triplex-to-duplex junctions susceptible to nuclease cleavage (Bacolla 
and Wu, 1991), or at the single-stranded nucleotides. Incision may be followed either by 
excision of the nicked strand and resolution of the structure, resulting in a micro-deletion, or 
by DNA synthesis templated by the mirror repeat fragment, resulting in a micro-insertion 
(Figure 2). Breakage and excision involving the entire mirror repeat fragment plus the 
intervening sequence might account for those cases (79 micro-deletions and 8 micro-insertions 
in our study) in which the micro-deletion or micro-insertion included longer fragments than 
the mirror repeats themselves (not shown). 
In vitro studies have demonstrated that different DNA helicases, such as RecQ (Bacolla et 
al., 2011), DHX9 (Jain et al., 2013), and ChlR1 (Guo et al., 2015), are able to resolve triplex 
DNA structures (León-Ortiz et al., 2014), and that the lack of these activities is generally 
associated with genomic instability (Bacolla et al., 2011; Jain et al., 2013; Guo et al., 2015). 
Thus, it is possible that DNA helicase activity might also contribute to the processing of R•Y-
rich mirror repeats following the initial single strand break. 
 
Missense and Nonsense Mutations at Direct and Inverted Repeats 
Approximately 15% of the 47,119 missense mutations and ~12% of the 12,362 nonsense 
mutations resulted either in the formation of perfect direct repeats from interrupted repeats, or 
in the extension of the pre-existing direct repeats (Table 2). These proportions are significantly 
higher (Fisher’s Exact test, 𝑝<10-7) than in the corresponding in silico generated control 
datasets, and are potentially explicable in terms of slipped strand mispairing, or non-B DNA 
slipped structure formation (Figures 3-4) (Iyer et al., 2015). DNA polymerase slippage on 
either strand of direct repeat sequences may generate mismatches due to misinsertion, 
particularly when nucleotide addition occurs at the end of the repeat tracts (Mukherjee et al., 
2013, 2014; Bacolla et al., 2015).  
The fidelity of DNA polymerases is also dependent upon the local DNA sequence 
architecture and the identity of the DNA polymerase involved (Kunkel and Bebenek, 2000; 
Kunkel, 2004). Thus, a single base-pair substitution may be established upon misincorporation, 
either at the subsequent round of replication or by the erroneous removal of the correct base by 
DNA repair, e.g. mismatch repair (Schofield and Hsieh, 2003; Kunkel and Erie, 2005). If these 
activities occur at a preexisting interruption along a direct repeat, a longer (uninterrupted) direct 
repeat may be generated. By contrast, if these activities take place along an interrupted direct 
repeat, a shorter (interrupted) direct repeat will be created. 
The proportions of missense (~14%) and nonsense (~12%) mutations that resulted in the 
creation of perfect inverted repeats or to the extension of existing inverted repeats were 
significantly higher (𝑝 = 2.94×10-13 and 6.42×10-16, respectively) than expected. This may be 
explicable in terms of the proposed mechanism of palindrome correction, hairpin loop 
formation and repair (Figures 5-6). 
 
Missense and Nonsense Mutations at G-Quartets 
The number of missense mutations occurring within G-quartets (2,903/47,119) was 
significantly higher (Table 1; p=9.22×10-156) than expected. The vast majority of these 
mutations (98%; 2,855/2,903) were observed within G-quartets formed by G-runs of length 2. 
Despite strong evidence for intramolecular G-quadruplex formation in cells (Lam et al., 2013; 
Murat and Balasubramanian, 2014), the cascade of events leading to the generation of germline 
single base-pair substitutions at G-quartets remains to be fully elucidated. Mutations occurring 
within G-quartets may be generated during DNA replication (Lopes et al., 2011; Boyer et al., 
2013; van Kregten and Tijsterman, 2014; Wickramasinghe et al., 2015), a time when the 
number of such structures increases during the S-phase of the cell cycle (Biffi et al., 2013), 
particularly on the lagging strand template (Bochman et al., 2012). It is conceivable that single 
base-pair substitutions within G-quadruplexes could destabilize the structures by decreasing 
stacking, the degree of destabilization depending upon the position of a mutation within G-
quartets (Lee and Kim, 2009). Alternatively, or in addition, base substitution at guanines within 
G-quartets may involve preferential oxidation during transcription, as a result of increased 
exposure to cellular oxidants while in their non-canonical duplex configuration (Clark et al., 
2012; Zhou et al., 2015). This latter model appears to be supported by the observation that, in 
mitochondrial DNA which is likely to come into contact with mitochondrial-generated 
oxidants, deletion breakpoints are observed at high frequencies near G-quartets (Bharti et al., 
2014; Dong et al., 2014). The occurrence of a mutation may either follow or precede unwinding 
of these G4 structures by DNA helicases, such as FANCJ (Wu et al., 2008), CHL1 (Wu et al., 
2012), PIF1 (Sanders, 2010) or the recently studied ATP-dependent DEAH-box helicase 
DHX36 (Chen et al., 2015). Thus, complete resolution of the structure, followed by the 
continuation and completion of DNA replication, could form part of the mutational mechanism. 
In summary, our results indicate that direct repeats, inverted repeats and G-quadruplex-
forming sequences play a prominent role in mediating missense mutations, whereas only direct 
repeats and inverted repeats appear to mediate nonsense mutations. This bias reflects the lower 
probability (<0.21) of finding codons at G-quadruplex-forming motifs that are capable of being 
converted to a stop codon (TAA, TAG and TGA) by a single nucleotide substitution. The 
probability was calculated for all such codons (GGA, TGG, gGAG and gGAA) using data 
reported by Mort et al. (2008) and assuming that for codons GAG and GAA at least one 
nucleotide G is adjacent to these codons (shown as lower case letter g).         
 
Other Factors Influencing Mutability at Non-B DNA-Forming Sequences 
The possibility of generating a mutation by one of the mechanisms proposed above is also 
likely to be influenced by other factors, such as pH, local cation concentration and leading 
versus lagging replicating DNA strands (Sinden, 1994; Raghavan and Lieber, 2007; Bacolla et 
al., 2010; Sharma, 2011), all of which are known to play important roles in the kinetics of B- 
to non-B DNA transitions. These additional factors make the quantitative assessment of the 
relative role of each non-B DNA structure in mediating micro-lesions uncertain. This 
notwithstanding, the significantly greater association of direct repeats with micro-lesions, 
relative to the other types of repeat, may reflect their independence of pH and other parameters. 
Indeed, whereas a hairpin structure would only require Na+ ions for stabilization, triplex 
structures may be further stabilized by other factors, such as acidic pH, Mg2+ and spermine and 
spermidine ions (Raghavan and Lieber, 2007; Bacolla et al., 2010; Sharma, 2011) whereas G-
quadruplxes are best stabilized by K+ ions (Chen and Yang, 2012). 
 
Conclusions 
This is the first study to assess the extent to which four different types of non-B DNA-forming 
sequence – direct, inverted, R•Y-rich mirror repeats and G-quartets – capable of slipped, 
hairpin/cruciform, triplex and G-quadruplex structure formation, respectively, may be involved 
in mediating different types of micro-lesion causing (or associated with) human inherited 
disease. Three novel mechanisms of mutagenesis, based on either the formation or resolution 
of non-B DNA structures, have been proposed, which together provide new insights into the 
mutagenesis mediated by non-B DNA-forming sequences. 
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Legends to Figures 
 
Figure 1. Examples of non-B DNA-forming repeats and their corresponding secondary 
structures.  Only one of several possible conformers is shown for clarity. 
 
Figure 2. Schematic representation of a putative mechanism accounting for micro-deletions 
(steps A – B – C – D - E) and micro-insertions (steps A - B - C´- D´- E´) mediated by triplex 
structure formation at R•Y-rich mirror repeat sequences.  
 
Figure 3. Schematic representation of putative mechanisms leading to single base-pair 
substitutions mediated by the formation of perfect direct repeats from imperfect repeat 
sequences. 
 
Figure 4. Schematic representation of putative mechanisms capable of explaining single base-
pair substitutions mediated by the extension of perfect direct repeats. 
 
Figure 5. Schematic representation of potential mechanisms accounting for single base-pair 
substitutions mediated by the formation of perfect inverted repeats from imperfect repeat 
sequences. 
 
Figure 6. Putative mechanisms for the generation of single base-pair substitutions through the 
extension of existing perfect inverted repeats. 
  
Table 1. Mutations and breakpoints overrepresented in direct, inverted, R•Y-rich mirror 
repeats, and in G-quadruplexes. 
Mutation/ 
breakpoint 
type 
Repeat 
type 
Dataset 
Number of mutations % 
mutations 
in-repeat 
p-value in-repeat not-in- 
repeat 
Micro-
deletions 
first 
breakpoints 
Direct 
HGMDa 3612 13298 21.36 1.54 × 10 -8 
Overc Expectedb 3313282 13596718 19.59 
Inverted 
HGMD 2563 14347 15.16 0.032 
Over Expected 2452172 14457828 14.5 
Mirror 
HGMD 870 16040 5.14 3.56 × 10 -41 
Over Expected 556339 16353661 3.29 
Micro-
insertions Direct 
HGMD 1495 5567 21.17 4.8 × 10 -5 
Over Expected 1354492 5707508 19.18 
Mirror HGMD 318 6744 4.5 6.04 × 10 -11 
Over  Expected 220336 6841664 3.12 
Missense 
mutations 
G-
quartet 
HGMD 2903 44216 6.16 9.22× 10 -156 
Over Expected 178945 4532955 3.79 
aMutations recorded in the HGMD dataset (observed mutations); b in silico generated random mutations 
(expected mutations); c Over, indicates that the number of observed mutations in the corresponding repeat type 
is significantly overrepresented after Bonferroni correction for multiple testing.  
Table 2. Number of missense and nonsense mutations creating perfect repeats from imperfect repeats. 
aMutations in the HGMD dataset (observed mutations); b in silico generated random mutations (expected mutations); cOver, indicates that the number of observed mutations in 
the corresponding repeat type is significantly overrepresented after Bonferroni correction for multiple testing; dNS, indicates that the result was not significant before correction 
for multiple testing. 
 
 
 
Mutations Repeat type Dataset 
Number of perfect repeats 
% created p-value 
created not created 
 
 
Missense 
 
 
Direct 
HGMDa 7034 40133 14.91 1.88× 10 
-8 
Overc 
Expectedb 659195 4052705 13.99 
 
Inverted 
HGMD 6528 40639 13.84 2.94× 10 
-13 
Over 
Expected 598412 4113488 12.70 
 
Mirror 
HGMD 6157 41010 13.05 0.392 
NSd 
Expected 613019 4098881 13.01 
 
 
Nonsense 
 
Direct 
HGMD 1538 10824 12.44 2.09× 10 
-9 
Over 
Expected 132633 1103567 10.72 
 
Inverted 
HGMD 1474 10888 11.92 6.42× 10 
-16 
Over 
Expected 120283 1115917 9.73 
 
Mirror 
HGMD 1555 10807 12.57 0.482 
NS 
Expected 155713 1080487 12.59 
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